1. Introduction {#sec1}
===============

Arsenic is profoundly distributed in ground water as a pollutant across the world from its natural and anthropogenic sources and its exposure is a distressing problem, leading to various disorders and diseases in millions of people worldwide \[[@bib1], [@bib2], [@bib3]\]. A plethora of dermatological and non-dermatological health complications were reported upon chronic arsenic exposure. The non-dermatological effects of arsenic include multi-organ cancer, developmental abnormalities, cardiovascular, metabolic and neuronal disorders \[[@bib4]\]. Arsenic is predominantly ingested in the form of inorganic pentavalent arsenate (iAsV) and upon redox reaction it converts to trivalent arsenite (iAsIII) which is more toxic and later metabolizes to methylated arsenicals \[[@bib5]\].

All forms of arsenic were reported to accumulate easily in different regions of the brain due to good Blood Brain Barrier (BBB) permeability \[[@bib6]\]. An increased accumulation of arsenic was found in the cortex, striatum, hypothalamus, cerebellum and hippocampus regions of rat brain upon administration with 100 ppm sodium arsenite for 60 days \[[@bib7], [@bib8]\]. Earlier studies delineated the role of arsenic in diminishing the ability of learning and memory in animals and further more it is able to bring about the structural, morphological and pathological changes in the developmental neuronal cells indicating the toxic effects of it on nervous system \[[@bib9], [@bib10]\]. Investigations revealed that, generation of Reactive Oxygen Species (ROS) by activating diverse molecular pathways is the typical underlying mechanism of arsenic toxicity \[[@bib11], [@bib12], [@bib13]\]. Due to rich polyunsaturated fatty acids and high oxygen demand, brain tissue is more vulnerable to oxidative damage and additionally decrease in antioxidant enzyme levels was also reported. Research on arsenic neurotoxic effects has been extensive, but the focus of the neurobehavioral changes caused by arsenic is less, which attributes to the need of extensive exploration of associated neurobehavioral and toxicity consequences. Moreover, evaluating the pharmacological interventions in treating arsenic induced neuronal damage is attaining gravity due to lack of potential therapeutic options.

Natural medicine is popularized these days as an account of improvement in its analytical techniques, quality control and advancements in clinical research. Devil\'s claw is a South African traditional medicine primarily used to alleviate pain and arthritis. It is a secondary root *of Harpagophytum procumbens* of Pedaliaceae family, with harpagoside an iridoid glycoside as a major constituent \[[@bib14]\]. According to European medicines agency\'s (EMEA) report DCW root extract was claimed to relieve minor joint pain and mild digestive disorders \[[@bib15]\]. Anti-inflammatory effect of DCW was illustrated in many reports and proved to act by inhibiting interleukins initiated production of metalloproteinases and release of cytokines and prostaglandin E~2~, as in further DCW was also validated for its antioxidant potential \[[@bib16]\]. Arsenic mediated neurotoxicity is majorly due to proliferation of oxidative stress and inflammatory marker, in this context DCW may subdue these toxicity mechanisms by its strong antioxidant and anti-inflammatory properties. Accordingly, this piece of work was outlined to probe the therapeutic potential of DCW as a neuroprotective agent in case of arsenic produced neurobehavioral modifications and neurotoxicity by measuring various parameters in female Wistar rats.

2. Materials and methods {#sec2}
========================

DCW capsules were procured from Nature\'s Way Brands, LLC Green Bay, WI, USA. All other chemicals were of analytical grade, purchased from Sigma Aldrich, Hi-media and Merck India Ltd.

2.1. Experimental animals {#sec2.1}
-------------------------

Female rats are more susceptible to neurotoxicity; hence they were selected for arsenic induced neurotoxicity study \[[@bib17]\]. Adult healthy female Wistar albino rats weighing 180--200g were obtained from a Control and Supervision of Experiments on Animals (CPCSEA) approved breeder and housed in individual polypropylene cages in a well ventilated room under hygienic conditions throughout the study and the animals were maintained according to the CPCSEA guidelines. All experimental protocols were approved by the Institutional Animal Ethics Committee \[Regd. No. 1677/PO/Re/2012/CPCSEA/13\].

2.2. Dose selection and preparation {#sec2.2}
-----------------------------------

Doses of 200 and 400 mg/kg, p.o. of DCW, were selected to evaluate its efficacy against arsenic induced neurotoxicity as per the reports of EMEA and doses were prepared daily by suspending DCW powder in 1% CMC \[[@bib15]\]. Arsenic dose of 13 mg/kg was selected based on the previous reports and given for 21 days by oral rout \[[@bib18]\].

2.3. Study design {#sec2.3}
-----------------

Animals were randomly distributed to five groups (n = 6). All the dosing protocols of the respective groups were carried out for 21 days by oral route. The normal control group received vehicle (1% CMC), the disease/arsenic control group received sodium arsenite, standard treatment group received sodium arsenite and apocynin (10 mg/kg), DCW treatment group I received sodium arsenite and DCW (200 mg/kg) and DCW treatment group II received sodium arsenite and DCW (400 mg/kg). Sodium arsenite was given at a dose of 13 mg/kg, p.o.

2.4. Behavioral parameters {#sec2.4}
--------------------------

The behavioral observations were carried out on every 7^th^ day during the entire study and the parameters were as mentioned below.

### 2.4.1. Hole-board test {#sec2.4.1}

Anxiety levels were evaluated by using a hole-board apparatus (L × W × H: 35 × 35 × 15 cm), which consists of a square floor plate furnished with 16 holes, 3 cm in diameter symmetrically distributed in four rows. The test was performed by placing the animal on one corner of the board and allowed to move freely. Then the number of head dips by the animal was noted for 5 min \[[@bib19]\].

### 2.4.2. Forced swim test (FST) {#sec2.4.2}

FST is the most widely used pharmacological model for assessing depressive behavior of animals. The animals were placed in a plexiglass cylinder (H × W: 50 × 20 cm) filled with water to a depth of 30 cm and maintained at 23 ± 1 °C. Rats were forced to swim in a condition from which they cannot escape and they rapidly become immobile, floating in an upright and making only small movements to keep their heads above water. The development of immobility reflects the cessation of persistent escape directed behavior or learned helplessness. The animal was allowed to acclimatize for 5 min, then swimming and immobility time periods were recorded in the next 5 min \[[@bib20], [@bib21]\].

### 2.4.3. Walking function test {#sec2.4.3}

The motor balance and locomotor coordination in rats was analysed by beam walk test \[[@bib22]\]. The apparatus used for beam walk test constituted a beam of 1--2 cm wide, 1 m long and elevated 30 cm from the ground. The animal was placed at one end of the beam and allowed to move to the other end and the number of foot slips from the beam was counted. The test was repeated thrice.

### 2.4.4. Elevated plus maze (EPM) test {#sec2.4.4}

The EPM test has been widely standardised to measure anxiety in rodents \[[@bib23]\]. Each animal was placed in the central square of the plus maze facing an enclosed arm and allowed to explore the apparatus for 5 min. During the test period, the total number of entries in both open and closed arms, time spent in each arm were noted and data was used to calculate % time spent in open field and % open field entries. The EPM was cleaned with a wet tissue paper dipped in 10% ethanol between every two observations.

2.5. Biochemical parameters {#sec2.5}
---------------------------

On 21^st^ day, blood samples were collected by retro-orbital puncture and serum was separated by centrifugation at 3,000 rpm for 10 min at 4 °C, followed by immediate sacrifice of animals by cervical decapitation. The brain tissues were homogenized (Remi RQT-127 homogeniser) in lysis buffer (pH 7.4) and supernatant was employed to estimate biochemical parameters including total protein, malondialdehyde (MDA) \[[@bib24]\], reduced glutathione (GSH) \[[@bib25]\], catalase (CAT) \[[@bib26]\], superoxide dismutase (SOD) \[[@bib27]\], nitric oxide (NO) \[[@bib28]\] and protein carbonyl content.

### 2.5.1. Estimation of CRP levels in serum {#sec2.5.1}

CRP levels were estimated in the serum, to determine the arsenic induced aggravation of inflammatory mediators. The assay was done as per the protocol given by manufacturer using CRP XL systems pack kit (XSYS0047) from ERBA.

### 2.5.2. Estimation of harpagoside concentration in the serum by HPLC method {#sec2.5.2}

The serum concentration of harpagoside an active constituent of DCW was estimated using a HPLC method. Serum proteins were precipitated with methanol by adding at a ratio of 1:4 to the serum and centrifuged at 10,000 rpm at 4 °C and the supernatant was used for analysis. The HPLC system (Shimadzu, Kyoto, Japan) with a photodiode array detector and reverse phase C18 column (250 mm × 4.6 mm, 5 μm) which was set at a wavelength of 272 nm was employed. Mobile phase A (methanol: acetonitrile at 45:40) and mobile phase B (0.6% acetic acid aqueous solution) were mixed at a proportion of 40:60 and filtered through a 0.45 μm membrane filter. It was pumped at a flow rate of 0.8 ml/min for the run time of 10 min with an injection volume of 30 μL of the sample solution. The standard calibration curve was constructed with 0.05, 0.1, 0.5 and 1.5 ppm concentrations of harpagoside (Sigma Aldrich, India Ltd).

### 2.5.3. Estimation of total protein content in brain homogenate {#sec2.5.3}

Total protein content was measured calorimetrically using Bradford assay method \[[@bib29]\] and bovine serum albumin (BSA) 1 mg/ml was employed as the standard.

### 2.5.4. Estimation of protein carbonyl content in brain homogenate {#sec2.5.4}

The samples were treated with 10% streptomycin sulfate for 5 min and centrifuged at 4,000 rpm to remove nucleic acids. The protein content of the homogenate was determined according to Bradford method and the sample concentration was adjusted to 1 mg/ml. The protein carbonyl content was measured by forming protein hydrazone derivatives using 2, 4-dinitrophenylhydrazide (DNPH). The protein hydrazone derivatives were precipitated with 10% trichloroacetic acid (TCA) and 1:1 ethanol/ethyl acetate and centrifuged. The pellet was dissolved in 6 M guanidine hydrochloride and absorbance was measured at 370 nm. The spectral difference of DNPH-protein in guanidine hydrochloride and a guanidine hydrochloride-protein blank was used to calculate protein carbonyl content \[[@bib30]\].

### 2.5.5. Histopathological studies {#sec2.5.5}

For microscopic evaluation, brain tissues were fixed in 10% neutral formalin solution, cleared in xylene and embedded in paraffin. Tissue sections of 5μm were stained with hematoxylin and eosin. A minimum of 10 fields for each brain section was examined for possible histopathological changes. Tissue section images were taken using optical microscope at 10X magnification (Olympus BX 51 fluorescent microscope) \[[@bib31]\].

2.6. Statistical analysis {#sec2.6}
-------------------------

All values were expressed as mean ± standard deviation (SD) and the statistical analysis were done using one or two way ANOVA followed by Bonferroni\'s post test. The statistical significance was set at p \< 0.05 and prism graph pad software (version 5.01) was used for the above mentioned analysis.

3. Results {#sec3}
==========

3.1. Effect of DCW on hole-board test {#sec3.1}
-------------------------------------

The arsenic control animals have shown a significant (p \< 0.05) decrease in the number of head dips when compared to normal animals, evidencing anxiety induced with arsenic. The overall effects of DCW on the number of head dips in hole-board were summarized in [Figure 1](#fig1){ref-type="fig"}A. Statistical analysis revealed that DCW (200 and 400 mg/kg) and apocynin treatment has a significant increase in head dipping activity in a dose dependent way compared to disease control on 7^th^, 14^th^ and 21^st^ days. An improvement in the exploratory behavior of animals upon DCW treatment has indicated its positive action on suppressing arsenic induced anxiety.Figure 1Effect of DCW on hole-board, forced swimming, beam walk and EPM tests A) Hole-board test B) Forced swim test C) Beam walk test D) % Time spent in Open field of EPM E) % Open field entries of EPM \[Data was expressed as mean ± SD (n = 6); analysed by two way ANOVA followed by Bonferroni\'s post test.∗ = p \< 0.05, considered statistically significant when compared to the normal and \# = p \< 0.05 when compared to the Disease control\].Figure 1

3.2. Effect of DCW on FST {#sec3.2}
-------------------------

In the FST, immobility period of the animals was recorded and the effect of DCW on it was shown in [Figure 1](#fig1){ref-type="fig"}B. In arsenic control group significant (p \< 0.05) reduction in the immobility time period of animals was noted, compared to the normal group. The immobility time has significantly improved in the DCW (200 and 400 mg/kg) and apocynin experimental groups, in comparison to arsenic control animals. The effect of DCW was in a dose dependent manner.

3.3. Effect of DCW on walking function test {#sec3.3}
-------------------------------------------

The walking function test was accomplished to evaluate the changes in fine motor coordination and the results were outlined in the [Figure 1](#fig1){ref-type="fig"}C. The number of leg slips from the beam was recorded in all the groups and in arsenic control group the number of leg slips were significantly (p \< 0.05) more compared to the normal group. It\'s interesting to note that, co-treatment with DCW (200 and 400 mg/kg) reduced the number of leg slips in a significant and dose dependent manner in comparison with arsenic control group, representing DCW ability in restoring the fine motor coordination and balance in the animals.

3.4. Effect of DCW on EPM test {#sec3.4}
------------------------------

[Figure 1](#fig1){ref-type="fig"}(D&E) is representing the effect of DCW on % open field time spent and entries which is linked to the exploratory behaviour of the animals. The % open field time spent by the arsenic control animals is significantly less than the normal and DCW 400 mg/kg treatment effects a significant raise in % open field time spent from the 7^th^ day onwards and subsequently with DCW 200 mg/kg it was observed from the 14^th^ day. Arsenic treatment even reduced the % open field entries and DCW 400 mg/kg treated group exhibited the significant improvement in % open field entries from the 14^th^ day of the study and DCW 200 mg/kg on the 21^st^ day when compared to disease control.

3.5. Effect of DCW on CRP levels {#sec3.5}
--------------------------------

A significant (p \< 0.05) elevation of CRP levels in the arsenic control group was noted compared to normal. At both the doses DCW, has significantly suppressed the levels of CRP in the serum compared to the arsenic control group dose dependently and was comparable to apocynin ([Figure 3](#fig3){ref-type="fig"}).

3.6. Estimation of harpagoside levels in serum by HPLC {#sec3.6}
------------------------------------------------------

HPLC chromatogram of treated groups and standard curve of harpagoside has been represented in [Figure 2](#fig2){ref-type="fig"}. The serum harpagoside concentrations in the DCW treated 200 and 400 mg/kg groups, were found as 0.19 mg/ml and 0.44 mg/ml respectively using the standard calibration curve. This specifies a dose dependent reach of harpagoside in the blood, which can be correlated to the therapeutic benefits noticed.Figure 2Estimation of harpagoside levels in serum by HPLC A) Standard plot of harpagoside with different concentrations B) Typical chromatogram of harpagoside C) Chromatogram of DCW 200 mg/kg serum sample D) Chromatogram of DCW 400 mg/kg Serum Sample.Figure 2

3.7. Effect of DCW on total protein content {#sec3.7}
-------------------------------------------

The total protein content in the arsenic control animals was significantly (p \< 0.05) less than the normal and co-treatment with DCW restored the total protein content at both the doses back to normal revealing the DCW protective activity against protein damage. The results were represented in [Table 1](#tbl1){ref-type="table"}.Table 1Effect of DCW on arsenic induced alteration in total protein, MDA, GSH, SOD, CAT and NO levels.Table 1Parameter (n = 6)NormalArsenic controlArsenic + Apocynin (10 mg/kg)Arsenic + DCW (200 mg/kg)Arsenic + DCW (400 mg/kg)Total protein (mg/ml)0.78 ± 0.010.56 ± 0.05∗0.77 ± 0.02^\#^0.71 ± 0.05^\#^0.72 ± 0.01^\#^MDA (nM/mg of protein)10.83 ± 0.2619.85 ± 1.60∗11.02 ± 0.43^\#^15.68 ± 0.73^\#^12.29 ± 0.81^\#^GSH (μM/mg of protein)26.75 ± 1.129.54 ± 0.69∗25.71 ± 0.62^\#^19.89 ± 0.79^\#^23.80 ± 0.83^\#^SOD (U/mg of protein)20.04 ± 0.752.11 ± 0.19∗12.19 ± 0.75^\#^8.68 ± 0.62^\#^9.80 ± 0.26^\#^Catalase (μM of H~2~O~2~ consumed/min/mg)768.04 ± 9.41167.7 ± 6.6∗764.6 ± 5.77^\#^372.71 ± 5.12^\#^570.93 ± 1.95^\#^NO (μM/mg of protein)14.50 ± 0.2432.4 ± 0.32∗17.26 ± 0.41^\#^24.18 ± 0.32^\#^19.29 ± 0.29^\#^[^1]

3.8. Effect of DCW on arsenic induced alteration in MDA, GSH, SOD, CAT and NO levels {#sec3.8}
------------------------------------------------------------------------------------

The antioxidant profile of the study was compiled in [Table 1](#tbl1){ref-type="table"}. The arsenic control animals indicated a significant (p \< 0.05) suppression of protective antioxidant enzymes GSH, SOD and CAT level. In addition MDA and nitric oxide quantities were prominently enhanced compared to normal which represents the induction of oxidative stress in the disease model. DCW (200 and 400 mg/kg) treatments were significantly able to restore GSH, SOD and CAT level and on other hand MDA and NO content was also alleviated compared to arsenic control group supporting the antioxidant properties of DCW. The effect of DCW on antioxidant profile was found to be dose dependent and comparable to apocynin.

3.9. Effect of DCW on protein carbonyl content {#sec3.9}
----------------------------------------------

Protein carbonyl content estimation in the brain homogenate served as an index to assess oxidative damage of proteins in the brain by arsenic. Significantly (p \< 0.05) high concentration of protein carbonyl was recorded with the arsenic control **c**ompared to normal and the treatment groups of DCW (200 and 400 mg/kg) and apocynin has significantly and dose dependently diminished the formation of protein carbonyl, compared to the arsenic control animals ([Figure 3](#fig3){ref-type="fig"}).Figure 3Effect of DCW on CRP level and protein carbonyl levels A) CRP (mg/ml) in serum sample B) Protein carbonyl content (nmol/ml) in brain homogenate. \[Data was expressed as mean ± SD (n = 6); analyzed by one way ANOVA followed by Bonferroni\'s post test.∗ = p \< 0.05, considered statistically significant when compared to the normal and \# = p \< 0.05 when compared to the disease control\].Figure 3

3.10. Effect of DCW on brain histopathological alterations {#sec3.10}
----------------------------------------------------------

Normal control group animals have retained the intact brain histomorphology with normal neuronal and glial cell arrangement ([Figure 4](#fig4){ref-type="fig"}A). Degenerated neurons, hyperemic vessels and vacuolization were the first evidentiary findings of the arsenic control group. The arsenic treatment in addition exhibited the different necrotic stages of the neuronal cells, including karyolysis, pyknosis and karyorrhexis. Moderate to severe gliosis, chromatolysis, infiltration of inflammatory cells and hemorrhage was also noticed in the disease control sections ([Figure 4](#fig4){ref-type="fig"}B). In DCW 200 mg/kg experimental group, mild to moderate number of pyknotic cells and vacuolization were observed ([Figure 4](#fig4){ref-type="fig"}D) and in DCW 400 mg/kg treated groups, necrotic changes were suppressed and normal neuronal and glial cell arrangement was retained in several layers ([Figure 4](#fig4){ref-type="fig"}E&C). The neuroprotection offered by DCW 400 mg/kg in terms of histopathology was comparable to the effect of apocynin ([Figure 4](#fig4){ref-type="fig"}E&C).Figure 4Effect of DCW on brain histopathological alterations A) Normal control with normal brain histology and black arrow indicates the normal brain cells B) Arsenic control group showing pyknotic cells (green arrow) and hyperemic blood vessels (blue arrow) C) Arsenic + Apocynin 10 mg/kg D) Arsenic + DCW 200 mg/kg pyknotic cells (green arrow) and normal neuronal cells (black arrow) and E) Arsenic + DCW 400 mg/kg.Figure 4

4. Discussion {#sec4}
=============

Arsenic is ranked first in the toxicity profile of metalloids and its exposure pose risk to multiple neurotoxic effects. GLUT 1 receptors substantially located in the endothelial cells of BBB facilitate the translocation of inorganic arsenic (iAs) and aquaglycoporins 7 & 9 as well has a key importance in uptake of arsenicals into the brain \[[@bib32]\]. iAsV reduces to iAsIII which in turn forms monomethyl and dimethyl metabolites which are less toxic to iAs \[[@bib33]\]. Chandravanshi et al. and Tolins et al. delineated the developmental neurotoxicity of arsenic owing to induction of behavioral and cognitive consequences, oxidative stress and mitochondrial dysfunction \[[@bib34], [@bib35]\]. Multiple studies previously established the toxic effects of arsenic and this work was planned to investigate the therapeutic benefits of DCW against neurotoxicity caused by arsenic.

DCW, a traditional South African medicine has been subjected to assorted clinical studies for its reduction in pain sensation in cases of rheumatoid arthritis and improves mobility of patients with in few weeks due to its potent analgesic and anti-inflammatory properties \[[@bib36]\]. In fact, DCW was thoroughly studied for the constituents responsible for anti-inflammatory properties. Earlier findings supports harpagoside as the most effective therapeutic component of DCW \[[@bib14]\]. A study reviewed by Gagnier et al. determined that DCW equivalent to 60 mg of harpagoside concentration is moderately efficacious in treating osteoarthritis \[[@bib37]\]. DCW is an established anti-inflammatory agent, but research on the antioxidant potential of DCW is still at its primitive level and the scope of exploring unrevealed therapeutic benefits of DCW is more. Other than that, its additional medicinal values need to be investigated to widen its therapeutic applications; in this regard DCW was selected in the current study to evaluate its neuroprotective efficacy against arsenic neurotoxicity.

Numerous studies were performed at different dose levels and time periods to assess the toxicity mechanisms of arsenic. Chattopadhyay et al. in his study has given sodium arsenite in drinking water to female rats during gestation, which gives rise to necrotic and apoptotic changes in the developing brain cells as a result of oxidative stress induction \[[@bib38]\]. Arsenic at a dose of 20 mg/kg was able to produce oxidative stress, depletion of biogenic amines and brings about the neurobehavioral changes in female rats, whereas exposure at 100 ppm for 60 days reported to cause endothelial dysfunction by setting up the levels of serum nitrite/nitrates to high \[[@bib39]\]. In the current investigation, sodium arsenite a source of trivalent arsenic was employed to induce arsenic neurotoxicity at a dose of 13 mg/kg for 21 days, which has resulted the neurobehavioral changes and oxidative damage. The criterion behind the selection of this female rat model was, females are more susceptible to the neurotoxicity than the male animals due to the differences in gonadal hormones \[[@bib17]\]. The neuroprotective activity of DCW was examined at two selected doses of 200 and 400 mg/kg as a therapeutic intervention for arsenic induced neurotoxicity.

Epidemiological research evidenced the neurocognitive and behavioral changes put in by arsenic in children and adults, including poor learning & memory, visual & executive skills, global cognition and mood disorders \[[@bib40]\]. Arsenic trioxide exposed mice for 14 days had shown a biphasic locomotor activity and altered metabolism and function of CNS \[[@bib41]\]. In the current study, the neurotoxicity progression which sets up the neurobehavioral changes in the rats was monitored by different behavioral parameters at regular intervals of time. Arsenic treatment has shown a gradual suppression of exploratory behavior of the animals assessed by number of head dips in the hole-board, % open field entries and % open field time spent in EPM tests. Interestingly, DCW complementation restored these experimental parameters nearly to the normal. DCW treatment also enhanced the immobility period of the animals in FST which was noted less in the arsenic treatment group animals. These constructive outcomes of DCW treatment hinted its anxiolytic properties.

Yadav et al. reported an impaired locomotion and muscle coordination with arsenic treatment \[[@bib42]\]. Nishimura et al. correlated the disturbances in neurotransmitter levels to behavioral and learning changes in a study and the results concluded that the impaired secretion of neurotransmitters induces behavior and learning deficits in mice. Chronic arsenic exposure subsides the mRNA expression of the dopamine D2 receptors in the striatal pathway and at 4 ppm for 60 days also alters mRNA expressions of precursor enzymes for biogenic amine synthesis including tyrosine, tryptophan and dopamine beta hydroxylases \[[@bib43]\]. Our findings also support that arsenic is able to disturb the muscular coordination and balance assessed by beam walk test and along with DCW treatment these parameters were retrieved to normal. Even though, the neurotransmitter assays were not carried out in this study the observed behavioral disturbances might be because of imbalance in neurotransmitter levels and destruction of dopaminergic receptors by arsenic, based on the earlier reports. Further findings are required to determine the mechanism of DCW by which it suppresses the anxiety and restores the balance.

Arsenic induces oxidative stress in the biological system by increasing the free radicals and in turn increases the peroxidation of membrane lipids and causes loss of integrity and functioning of the membranes \[[@bib13]\]. Enzymes with sulfhydryl group are the major target for the arsenic species and a study by Shila et al. in rat administered with arsenic also resulted in alteration of GSH and glutathione peroxidase levels as they contain sulfhydryl groups \[[@bib44]\].

Arsenic in addition activates few enzyme systems accountable for the generation of ROS which comprises NADPH Oxidase, thioredoxin reductase and haemoxygenase reductase enzymes \[[@bib45], [@bib46]\]. Based on this, a potent NADPH Oxidase inhibitor apocynin, which has an established antioxidant profile, was selected as the standard control for the present study. Few investigations also noticed a decrease in activity of SOD and CAT in rat brain exposed to arsenic and present study results coincide with the previously reported ones by decrease in GSH, SOD and CAT enzyme levels. Additionally, MDA and protein carbonyl contents were elevated, indicates the induction of oxidative stress with arsenic. According to Schaffer et al. *Harpagophytum procumbens* (DCW) is able to diminish lipid peroxidation and enhance CAT activity and cell viability in brain cortical sections of rats \[[@bib47]\]. Few more reports by Georgiev et al. also supported the dynamic antioxidant properties of DCW \[[@bib16], [@bib48]\]. The current investigation also showed promising antioxidant activity of DCW, by reducing the lipid peroxidation, protein carbonyl content and improving GSH, SOD and CAT enzyme concentrations in the animals receiving arsenic, corroborating with the previous results.

In a rat model, animals administered with a 10 mg/kg of arsenic for 8 days, up regulated the expression of inflammatory markers like IL-1β, TNF-α and INF-γ responsible for neuroinflammation \[[@bib49]\]. Druwe et al. probed with FvB female mice treated with 100 ppb arsenic for 6 months found to cause activation of NF-κB by enhancing the expression of CRP \[[@bib50]\]. Chronic exposure to the permissive limit of arsenic 10--50 μg/L evidences systemic inflammation by up streaming pro-inflammatory mediators, including IL-6, IL-8, IL-12, TNF-α and CRP in the sera of women from the Indo-Gangetic basin \[[@bib51]\]. These investigations suggest CRP as an end inflammatory marker; thus in this study CRP levels were estimated and found to increase in arsenic control group indicating the activation of inflammatory mediators by arsenic.

Anti-inflammatory potential of DCW was validated by many studies, Gyurkovska et al. outlined that DCW exhibited robust anti-inflammatory activity in murine macrophages in relation to NO, TNF-α, IL-6, COX-1 and 2 expressions and at doses of 400 and 800 mg/kg suppressed edema and inflammation \[[@bib52]\]. DCW in the current research suppressed elevated CRP and NO levels upon arsenic treatment.

Besides of behavioral and biochemical findings, pathological alterations brought by arsenic like degenerative changes, gliosis, vacuolization of matrix and nuclear pyknosis were subsided prominently with DCW at 400 mg/kg co-administration and improved the histo-architecture of brain. As already discussed earlier iridoid glycosides are the active constituents of DCW, hence harpagoside concentration was measured in the serum samples. The obtained results of neuroprotective DCW treatment was in concurrence with the serum concentrations of harpagoside, strongly supporting it as an active constituent exhibiting neuroprotective property.

The study results demonstrated protective effect of DCW which sets up the new horizons in the treatment of arsenic poisoning. Our results clearly suggested the anti-inflammatory activity and antioxidant property of DCW might have contributed for the neuroprotective effect of DCW and were able to reduce anxiety behavior caused by arsenic. However the study highlighted the therapeutic importance of harpagoside, additional investigations are suggested to explore the molecular mechanisms of DCW mainly on dopamine receptor expression and molecular inflammatory and oxidative stress markers.
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[^1]: Data were expressed as mean ± SD (n = 6); analysed by one way ANOVA followed by Bonferroni\'s post test.∗ = p \< 0.05, considered statistically significant when compared to the normal and \# = p \< 0.05 when compared to the disease control.
